(12) INTERNmONAL APFUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid InleHectiial Property 
Organizatioii 
International Bureau 

(43) Intematioiial PubUcatian Date 
29 April 2004 (29.04^004) 




PCT 



iwiiiiiiiiiiiiiiiniiiiiiiii^^^ 



(10) International Publication Number 

WO 2004/035077 Al 



(51) International Patent Clas^catlon^: A61K 38W1, 
38/17, drt)0. A61P 19/08, l/OO 

(21) International Applkatioii Nomber: 

FCT/NZ2003/00Q232 

(22) International Filing Date: 20 October 2003 (20.10.2003) 



(25) Filing Language: 
(2ti) PubBcaUon Language; 



English 
English 



(30) Priority Data: 

522071 



18 October 2002 (18.10:>002) NZ 



(71) Applicants and 

(72) Inventors: SILCOCK, Patrick, Joseph [NZ/NZ]; 
73 Ann Street, Dunedin (NZ). BRIDGER, Lynton, 
Alexander (NZ/NZJ; 71 Pacific Parade. Anay Bay. 
Whangaparoa. Auckland (NZ), KERR, Adrian, Stewart, 
Denham [NZ/NZ]; 100 Litten Road. Howick, Auckland 
(NZ). FERGUSON, Martin, MitcheU (GB/NZ); 342 
lOghgate, Dunedin (NZ). DUTOUR* Jean-Pierre, Ghis- 
laln ffiE/HZJ; 6 Royal Tenace, Dunedin (NZ). 



(74) Agents: A J PARK ct al.; 6th Floor, Huddart Parker Build- 
ing, Post Office Square, P.O. Box 949. 6015 WeDington 
(NZ). 

(81) Designated States (national)i AE, AG, AL, AM. AT, AU, 
AZ. BA. BB, BG, BR, BY, BZ. CA, CH, CN, CO, OR, CU. 
CZ. DB, DK, DM. DZ, EC, EE. EG. BS, FI, GB. GD, GB. 
Qtt. GM, HR, HU, ID. IL. WT. IS, JP, KE, KG, KP, KR, 
KZ. LC, LK, LR, LS, LT, LU. LV, MA, MD, MG. MK. 
MN, MW. MX. MZ, NI, NO. NZ. OM. PG. PH, PL. PT. 
RO, RU, SO, SD, SE, SG, SK. SL. SY, TJ. TM, TN. TR, 
XT, TZ, UA, UG, US, UZ, VC. VN, YU, ZA, ZM. ZW. 

(84) Des^nated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW. MZ. SD, SL, SZ, TZ. UO. ZM. ZW), 
Eurasian patent (AM, AZ. BY, KG, KZ. MD. RU, TJ, TM), 
European patent (AT, BE, BO, CH, CY, CZ, DE, DK, EB, 
ES, FI. FR. GB. GR, HU, IE, IT, LU, MC, NL, FT, RO, 
SB, SI, SK, TR), OAPI patent (BF, BJ, CF. CG. CI, CM, 
GA. GN. GQ, GW. ML, MR. NB, SN, TD. TO). 

Published: 

— wiA imemational search report 

[ Continu&i on next page J 



(54) nile: PHOSPHOPROTEIN PREPARAHONS FOR BIOACnVE METAL ION DELIVERY AND TBBTH REMINERAU- 
SATION 




IT) 

s 

2 Abstract: The invention pmvides, in one aspect, compositions for delivering a bioactive metal ion to a mammal, the com- 
S poations comprising (a) an effective amount of a source of the bioactive metal ion, (b) a phosphoprotein preparation obtained by 
^ paitially cross linking a partial hydrolysate of casein or a caseinate. and (c) one or more physiologically acceptable diluents or car- 
riers. Also provided are compositions for lemineralising tooth enamel and/or for treating or preventing dental caries, tooth erosion, 
O dentinal hypersensitivity or gingivitis in a mammal, wherein the compositions comprise an effecdve amount of such a phosphopro- 
^ tein preparation, in combination with one or more cairien or diluents. In related aspects, the invention provides methods of using 
1^ such compositions. Also provided are novel phosphoprotein preparadons suitable for use in such compositions and methods. 
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FHOSPHOPROTEIN PREPARATIONS FOR BIOACIXVE METAL ION DELIVERY 

AND TEETH REMBSERALISATION 

FIELD OF THE INVENTION 

fids inventian relates to coii?)ositioiis and methods for deliveriiig bioactive metal ions to Inmians 
and animals. It also particularly relates to conq)08itions and methods for leminetalisiiig teefb 
and/or for preventing or treating dental oaiies and/or tooth erosion, dootinal hyperseosifivily or 
gingivitis. ' 

BACKGROUND OF THE INVENTION 

Dental caries (or decay) and dental erosion are still widespread conditions, despite the 
fhioiidation of the water supply m many countries and the use of fluoride tooliqiastes. Dental 
caries usually begfais in fba enamel of the toolJi sxa&ce but may progressive^ destroy the hard 
tissues of the teeth. In many countries, about half of 5 year old children experience some tooth 
decay. In addition, some grotq)s of pec^le are, by virtue of tiidr occupation, patticulady 
susceptible to dental erosion and/or caries. For example, wm© tasters and atidetes such as elite 
cyclists vAio fteqoently sip on sports drinks, continually esspose their teeth to low pH beverages 
vftacii may cause the whole suifiice of the tooth to dissolve. 

It is well known fliat driry products have a protective effect against flie devdopment of dental 
caries. Anumber of inyesti^tions have suggested tiiat it is prinuuily the protein con?)onen^ 
dairy products, and casern in particular, that exerts an anticariogeDic/remhiaaliauig action on 
tooth enameL la addition, a particular fraction of active peptides in casein have been identified 
as bemg largely leqKmsible for the anticariog»iic/reininenilising action. These aie tiie caldom 
phosphate sequestering phosphopeptides, wMch constitute aibout 10% of the total wei^ of 
casein. These peptides contain a cluster of phosphoseryl residues [-Ser(P)-Ser(P)-Set(P>Ghi- 
Olu] that markedly mcrease the soliflrflity of calcium phosphate by fimning colloidal casdn 
pbosfdiopeptide amorphous calcium phosphate conqdexes. 
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Thae are mmetow patent pnUications directed to various conipos&ions containing casdn, 
casdnates, digests thereof or jjpeoific caseaiHlerived phosphqpeptides for use in caries inhibition 
and related dental q>plioations. 



For esmnple, NZ patent specification 199891 describes tootJq)astes and dentiftices containing a 
caries and gmgivitis inhibiting amount of casein, aj^ha-s-casein or phosvitin. 

JP 59152317 desCTibes an oral con^josition coraprising nratanase (a drag for preventing tooth 
decay) together wifli casein, casein hydrolysate or a imxtare ttieteof: 

US 5833953. JP 9002928 and US 5427769 all describe various coinposilions for treating or 
preventing dental cari^ and containing micellar casdn. 

US patent 5130123 descaibes a dentifiice con^josition for inhibiting caries ot gingivitis 
containing a water soluble salt of either a casemate or a digest of a caseinate. 

WO 82/03008 describes con^sitions for inhibiting caries and giogivitia, containing 
pho^hoproteins or phosphopolypeptides containing a specified -amino acid sequence, and in 
particular sodium caseinat^ calcium caseinate or phosvititL 

JP 4077415 describes a dental calculus-preventing composition containing caseui 
phoqjhop^Jtides bx combination widi a suitable ezc^ent 

US 5015628 describes anticariogenic phosphopqjtides having 5 to 30 amino adds and containing 
a specified amino acid sequence, and which may be obtained by tryptic digestion of casdn. 

WO 98/40406 describes specific calcium phosphopcptide complexes having anticaries dOScacy. 
The phosphop^tides contain die Ser(P) clust^ sequence motif [-Sei(P)-SerCP>-Ser^)-Cilu-GhiJ , 
and are said to be able to stabilize then: own weight in amor{d)ous calcium jdiospliate and 
amorjdious calcium fhioride phoq>hate. 
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WO 00/06108 describes various foimulatioiis for fee delivery of bioactive constituents to 
biological surfaces such as dmtal surfeces, comprising suspensions or solutions of one or more 
isolated and purified casein protein or salt fbereof 

Compositions containing casein phosphopeptides have been reported as having superior 
aiiticaries/remineraHsing activity con5)ared to con5)oritions However, 
the use of casein phosphopeptides has the disadvantage that digestion of casern (for exan^le 
using the enzyme trypsin) to release the desired phosphopeptides also releases hydrophobic 
peptides which give the resulting digest a bitter flavour^ This naeansflmt, for flie product to have 
an acceptable flavour, fractionation of the digest to remove such hydrophobic peptides is 
required In turn, this means flwt only a fraction of &ecasdn-derive^ 
over 75% of flie material is wasted 

The ^licants have now surprism^y found fbst by partially hydiolyzing casern and subsequentty 
partiaUy-CTOss-linkIng the partial hydrolysate* phosi^ioprotein prqiarations having superior 
calchuxi43mdmg and teeth lemineralisation properties to those of unmodified casern or a partial 
casdn faydiolysate can be obtained. Such phosphopiotem preparations have also been found to 
have axi'i^ihanced ability to bmd o&er bioactive active m^ ions. 

JP 4-126039 describes a metiiod of prq^aiing a fimctional peptide by partially hydrolyzing a food 
protein, such as a protein obtained from soy beans» \*eat or sweetcom, or animal proteins such 
as gelatioi, animal meat, fish meat or casdn, followed by treatment of the resultant hydrolyzed 
pqptide with transglutaminase or dihited acid The resulting treated pq>tide is said to be free of 
biti^ness. JP 4-126039 does not howevo* describe tiie cation bmding properties of such 
peptides, nor is a peptide obtamed from casein specifically described fhereiiL 

WO 00/05972 and WO 01/0154512 describe chewing gum compositions containing casein or a 
modified casein such as polymerized hydrolyzed casdn. as part of flie elastomeric component of 
the gum. These pubUcations do not however describe the cation bindmg properties of such 
modified casein. 

It is an object of flie present invention to provide metiiods and/or conqwsitions usefld for 
delivering bioactive metal ions, and metiiods and/or con[5)Osition8 fbr remineralising teeth, and/or 
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preventing or treating dental caries, tooth erosion, dentinal hj^ensitivily or gingivitis, which 
will go some way towards ovCTcoming the disadvantages of the prior art, or at least provide tiie 
public with a useful dioice. 

SUMAIARY OF im INVENT 

In a first aspect, the invoation provides a coirposition for delivering a bioactive metal ion to a 
mammal, the conq>osition coiiqmsing an effective amount of a source of flie metal ion, a 
phosphoprotein preparation obtained by partially cross linfcmg a partial hydroljraate of casein or a 
caseinate, and one or more physiologically acceptable diluents or carriers. 

In another aspect, the present invention provides a method of delivering a bioactive metal ion to a 
mammal, con5)rising administering to the mammal a conq)osition comprising an effective 
amount . of a source of the metal ion in combination vnttx a phosphoprotein preparation, wherein 
the phosphoprotein preparation has been obtained by partially cross linking a partial hydrolysate 
of casein or a caseinate. 

In a further aspect, the invention provides the use, in the preparation of a conqjosition for 
delivering a bioactive metal ion to a mammal, of a phosphoprotem preparation obtained by 
partially cross linking a partial hydrolj^ate of casein or a caseinate. 

Preferably, tiie metal iori is divalent 

In preferred embodiments, the metal ion is selected from the group consisting of calcium, iron, 
zinc, cobalt, copper and magnesiuiiL 

Preferably, Hxe con^position is an oral conqwsition, in the form of a foodstuff or bev^ge, or a 
pharmaceutical vehicle such as a tablet or capsule. 

Preferably, the pH of the conq>osition is between about 6 and 9, more preferably between about 
6,5 and 8, still more preferably between about 6.8 and 7,7, and most preferably between abotit 7 
and 7,5. 
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In a further aspect, liie inveation provides a compositioii for remineralising tooth enamel and/or 
for treatmg or preventmg dental caries, tooth erosion, dentinal hypersensitivity or gmgivitis in a 
mammal, wherein the composition con5)rises an efiTective amount of a phosphoprotein 
prq)aration in combination with one or more carriers or diluents, wherein ihe phosphopiotem 
preparation has been obtained by partially cross linking a partial hydiolysate of casein or a 
caseinate. 

In still a further aspect, the present invention provides a method for remineralising tootti ommel 
and/or for treating or preventing dental caries, tooth erosion, dentinal hypersensitivity or 
gmgivitis in a mamm a l, the method con5)rising contacting the teeth of the mammal with a 
composition camptisiag an effective amount of a phosphoprotean prepaxation, wherem the 
phoq)hoprotein preparation has hem obtamed by partially cross linking a partial hydtolysate of 
casein or a caseinate. 

In still a #irther aspect, the mvention provides the use, in flie preparation of a composition for 
remineralising tooth enamel and/or for treating or preventing dental caries, tooth eiosion, dentinal 
hypersensitivity or gingivitis in a mammal, of a pho£fpbq>rotem preparation obtained by partially 
cross linknig a partial hydrolysate of casein or a caseinate. 

In preferred embodxment^ the conqiosition finiher comprises a source of caldmn ions. 

Preferably, the conQ>osition also conqsiises a source of jdiosphate ions. 

More preferably, the composition conqprises both calcium and phosphate ions, conveniently 
added as calcium phosphate. Altemativdy, the calcium and phosphate ions may be added as 
sodium phosphate and calcium chloride. 

In a particular preferred embodiment, the source of calcium ions con:5)rises natural milk calcium, 
such as that available under the trade name ALAMIN® . 

PrefCTably, calcium ions are present in flie con^wsition at a level of at least about 5 mmol 
calcmm ions per gram of phosphoprotein preparation, mcwe preferably at least about 10 mmol/g, 
still more preferably at least about 20 mmol/g, more preferably at least about 30 mmol/g. 
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Preferably, the molar ratio of caldmn ions to phosphate ions is in flie range of about 0.8-1 2:0.4- 
0.8, more preferably aibout 1 :0.6. 

In another alternate embodiment, the composition comprises a source of strontium ions. 
Preferably, in this embodiment die conqjosition also comprises a source of fluoride ions. 

In certain preferred embodiments, the composition is in the feim of a foodstuff such as cheese, 
convenioatiy a processed cheese, or a confection, such as a chewmg gum. 

In alternative preferred embodhnents, the composition is m die fomi of a mouthwash or a 
dentaflice, such as a liquid dentiftice, a tooflqiaste, a powder, an emulsion or a gdL 

Preferably die partial hydrolysate is obtained by enzymatic hydrolysis of acid casehi, rennet 
casern or a caseinate. 

Preferably, die enzyme is trypsin, comrenieotty bovine derived trypsin or porohie panci«rtio 
trypsin. 

Preferably, die partial bydrolysis is canied out at a pH of fixnu about 7 to about 8. 

Preferably, the degree of hydrolysis is in tiie range of about 3% to about 8%, more preferably 
about 3.5 to about 7%, such as about 4% to about 6.5%, of flie total number of peptide bonds. * 

Preferably, die degree of hydrolysis is such fliat about 10% or less, more preferably about 5% or 
less, of die casein or caseinate is rendered insoluble at pH 7, 1^ die partial iQ^lysis. 

Preferably, die partial hydrolysate is partiaUy cross linked enzymatically. using die enzyme 
trans^utaminase, preferably at a pH of fiom about 7 to about 8. 



Preferably, die degree of partial cross Imkmg is such diat die resulting phosphoprotein 
preparation comprises about 10 lunol or more cross Ihiks per gram of protein, more preferably 
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between about 10 and about 250 nmol/g protein, more preferably between about 50 and 160 
pmol/g protein, such as between about 1 10 and 150 (unol/g piotain* 

In a further aspect, the present invcailion provides a novel phosphoprotein preparation, wherein 
the phosphoprotein preparation has been obtamed by partially cross linking a partial hydrolysate 
of casein or a caseinate, and \^erem the degree of partial hydrolysis of die casein or casemate 
prior to cross linking is in the range of about 3% to about 8%, more preferably about 3.5 to about 
7%, such as about 4% to about 6.5%, of die total number of peptide bonds, and the degiee of 
partial cross linking is sudi that die phosphoprotdn preparation comprises about 10 \mol or 
more cross links per gram of jaotein, more prefoably between about 10 and about 250 imoVg 
protem, wore prefoably betweai about 50 and 160 junol/g protein, such as between about 110 
and 150 pmol/g protek. 

While die invention is broadly as defined above, it is not Ihnited thereto and also includes 
CTibodimmts of ^^ch die following descrq>tion provides exanq)les. 

BKISF DESCEOPTION OF THE DRAWINGS 

The invention win now be described in moro detail and with reference to die acconqpanying 
drawings, in which: 

Kguro 1 shows die eniamdiemineralisation yield aft^ treatment of a^ 

three dififerat reramCTalising sohitions, namdy saliva, 10% caseniate solution, and 10% partially 
cross linked hydrolyzed caseioate solution (as described in Example 3); 

Figure 2 is a Scannmg Electron Micrograph of die toodi enamel sui&ce prior to acid etdung 

Figure 3 is a Scannmg Electron Micrograph of die toodi enamel surfece after acid etchmg; 

Figure 4 is a Scanning Electron Nficrograph of die tooth enamel surfece after bodi acid etchmg 
and treatment with polym^ized hydrolyzed casetnate solution. 
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Figuie 5 shows tiiie ehaoges in nuGrohaidness of aoamd a deiimieEalization treatment in 
O.lnsol/L ac^c acid pH 4.5 for 24 hours foUowed by tenmdralisation in a MAP 112 
phosphqnoldn solution containing 60 nunol/L calcium ions and 36 nmiol/L phosphate ions; 

Figure 6 shows the changes in microhardness of enamel after a deminetalization treatment in 0«1 
moVL acetic acid pH 4,5 for 48 hours foflowed by remineralisation in a MAP 112 
phosphoprotein sohition containing 60 mmol/L calcium ions and 36 tnmol/L phosphate ions; 

Figure 7 shows the changes in microhardness of enamel after a dranneralization treatment m 0,1 
moVL acetic acid pH 4.5 for 72 hours followed by remineralisation in a MAP 112 
phosphoprotein solution containing 60 mmol/L calcium ions and 36 nnnol/L phosphate ions; 

Figure 8 shows the changes in microhardness of enamel after a demineralization treatment in 0.1 
mol/L acetic acid pH 4.8 for 48 hours followed by remineralisation in a MAP 112 
phosphoprotein soluti6n containing 60 mmol/L calcium ions and 36 imnol/L phosphate ions; 

Figure 9 shows the changes in mlciohardness of enamel after a demineralization treatment in 0.1 
moI/L acetic acid pH 4,5 for 24 hours followed by remineralisation in a MAP 112 
phosphoprotein solution containing 60 mmol/L calcium ions and 36 mmoI/L phosphate ions; and 

Figure 10 shows the changes in microhardness of enamel after a caries-like demineralisation 
treatment followed by rernineralisation in a MAP 112 solution containing 50Qm^mL 
hydcoxyapatite and varying levels caldum and phosphate added as soluble salts; 

Figure 11 is an image of a dendneralised tooth ^lamel taken using a Zeiss Upright Confocal 
Microscope. Bnamel was demineralised for 96 hours in a pH 4.8 buffer; 

Figure 12 is an image of a Zeiss Confocal Microscope image of demineralised tooth enamel that 
was reminaralised in MAPI 12 protein containing 75 mM calcium cbloiide and 45 mM sodinm 
phosphate bufG^. The osposed hexagonal microstructure has been reminecalised extensively 
leaving calcium deposits on the enamel sut&ce. 
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Hguie 13 showfi Ae effect of MAP phosphoprotein concentration on the perc^t of C. albicans 
inhibited &om adhering to hydroxyapatite beads over three eiKprnments; 

Figure 14 shows the effect of MAP phosphoprotein concentration on the percent of S. mutans 
inhibited fiom adhering to hydroxyapattte beads ovct diree expedments. It can be se&n ihst as 
flie concentration moreases the % inhibition of adhesion mcreases; and 

Figure 15 shows &e changes in noicrohardness of enam^ afier a caries-like demineFalization 
treatment followed by remmeralisation in a processed cheese (contaimng phosphoproteui MAP 
1 12 and milk calcium phosphate) extract solution. 

Figure 16 is an image of a demineralised toodi enamel taken using a Zeiss Upright Confocal 
Microscope* Bnamel was demineralised for 96 hours in pH 4.8 buffer; 

Figure 17 is an image of a Zeiss Confocal Microscope ima^ of dCTcuneralised tooth eoamel fliat 
was r^Doinetalised in cheese extract The enamel has been remineralised extensively 
areas betwem Ihe hexagonal microstnicture. 

DESCRIPTION OF THE INVENTION 

As defined above, flie present invmtion relates to methods and cQnqK>sitians for deliveting 
bioacdve metal ions to mammals. It also relates to inelluids and compositions for reno^^ 
too& enamel and/or for treating or preventing dental caries, tootiii erosion, d^tinal 
hypersensitivity or gingivitis. la a related aspect, Ihe invention also relates to novd 
phosphoprotdn preparations useful in such methods and compositions. 

Ihe i^licants have surprisingly found that by partially hydrolyzang casern os a caseinate and 
subsequently partially cross lioking the partial hydrolj^ate, ihe resulting phosphoprotems have 
both an increased solubility in the preswce of divalent cations and an increased ability to bind 
divalent cations when con^ared to the non cross-linked partially hydiolysed casein. 

These properties malce such phosphoprotdn preparations useful as delivery vehicles for 
administering bioactive metal ions to huxnans or anunals, particularly divalent cations including 
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caldum, iron, zinc, cobalt, copper and magnesium. The phosphopfotein preparations are able to 
bind significant quantities of cations and thus prevent precipitation of and maintain salts of the 
cations in solution, thereby enhancing tiieir bioavailability. Also, as the phosphoprotem 
preparations have been found to have a hi^er solubility than unmodified casein, (hey can be 
incorporated into oral con^ositions relatively ^isily. 

The phosphoprotein preparations have particular application in remineralising tooth enamel and 
thereby in treating or preventing toolh erosion or dental caries. \^^fhout wishing to be bound by 
any theory, it is believed that the ability of the phosphoprotein preparations to solubilise calcium 
(and pho^hate) ions may be at least \parfly responsible for there ability to leminefalise toofii 
enamel- In particular, the phosphoprotein prq)arations are able to maintain a hi^ concenlnitiQn 
of calcium and phosphate ions in solution close to the tooth enamel sur&ce, &ci]itating diffiision 
of these ions back into the pores of demineralised tooth enamel and thus increasing 
ramineralisation activity. The phosphoprotein preparations have also been foimd to form a 
coating on the tooth enamel surface, which nsay fimher enhance the availability of calcium and 
phosphate ions. 

Moreover, the applicants have also surprisingly found that the pfaosphoprotdn preparations 
inhibit the adhesion of caries-causing bacteria, in particular Streptococcus mutans to the enamd 
surface. As flie bactaria need to adhere to ftie tooth sur&ce to initiate the caries process, redudng 
the degree of adhesion of the bacteria can reduce the risk of caries formation. Accordmgly, fhe 
phosfdioprotein preparations of flie present inv^on possess not <mly a lepaialive, 
rOTmneralisation function, but also a jneventative fimction. The ^plicants have also found fiiat 
the protem can inhibit the adhesion of flie yeast C albicans^ ^ch is involved m oral flirusL 

The phosphoprotein preparations suitable for use in the invention may be obtamed by partially 
cross linking a partial hydrolysate of casern, that is, casein in which somi^ but not all, of fhe 
peptide bonds have been hydrolyzed. 

The casein used to prepare tfie partial hydiolysate may be in any form; acid casein, rennet casein 
or a caseinate may all be used. Although chemical hydrolysis is by no means excluded, it is 
preferred that the partial hydrolysis is carried out enzymatfcally, in acfueous solution. Suitable 
enzymes fi>r perfomdng the partial hydrolysis mclude proteases such as trypsin and 
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chymotiTpsiiL ft is liowever particulaily permed Hiat tibat fhe egozyooie used is trypsin, 
conveniently bovine d^ved trypsin or poicine pancteatic trypsin. 

The partial hydrolysis may be canied out at a temperatme and pH appiopiiate to the enzyme 
being used. For example, if bovine derived ti^psin is used, the partial l^drolysis may 
conveniently be canied out at a pH of about 7 to about 8, and at a temperature of about 37'*C. It 
vnSL be ^reciated lhat at this pH, tiie casein vnSL be present as a casdnate, eg sodium casemate, 
depending on the bujOer used in the reaction solution* 

The reaction should be carried out for a sufficient poiod of time and under qjpcopriate 
conditions, eg razyme and caseia concentrations, to allow Ihe desired degree of hydrolysis to be 
achieved. When the desired degree of hydrolysis has hem achieved, the reaction may 
conveniently be terarinated, or at least substantially terminated, by inactivating the CTzyme, for 
exainple by heating the reaction mixture to a ten^jerature which will denature ihe enzyme, eg 
about 80^C. It is not critical that the hydrolysis reaction be con^letely terminated^ provided the 
partial cross linking reaction as discussed below is ccmunenced once the desured degree of 
hydrolysis has been achieved That is, a minor amount of hydrolysis may still continue while flip 
partial cross linking reaction is being earned out 

It M preferred that the partial hydrolysis is carried out under conxKtioi^ which result in flie 
partially hydrolyzed casein having a degree of hydrolysis in Ae range of about 3% to about 8%, 
more preferably about 3,5% to about 7%, such as aitout 4% to abotrt 6.5%, in Uxsdb of flie 
percentage of the oiigbaal peptide bonds hydrolysed. 

It is also prefenred that tke degree of hydrolysis is such that about 1 0% or less, more pref^ably 
about 5% or less, of flie casein of casemate is rend^ed insoluble at pH 7, by the partial hydrolysis 
process. 

The degree of hydrolysis may be measured by methods known to fliose skilled in fl» art, 
conveniently by the TNBS (2, 4, 6-trinitroben2sette sulfonic add) mettiod 
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Preferably, tbe molecular vm^t profile of liie partially hydrolyzed casein or caseioate is less 
fhan fliat of casein but greater than the following distribution: about 1.7% > 30,O00Da, 22% < 
30,000Da and > 21,000Da, 22% < 21,000 Da and > 12,000Da, 543% <12.000Da, 

More preferably, the molecular weigjit profile of the partially hydrolyzed casern or caseinate is 
less than that of casein but greater than the following distribution: about 9.4% > 30,OOODa, 48% 

< 30,000Da and> 21,000Da, 11% < 21,000 Da and> 12,000Da, 31.6% <12,000Da. 

More preferably, the molecular weight profile of the partially hydrolyzed casein or caseinate is 
1^ fhan that of casein but greater &an tiie Mowing distribution: about 1 1% > 30,000Da, 50% 
<3O,OO0Daand>21,O0ODa, 10%<21,000Daand> 12,000Da,29%<12,000Da 

Most preferably, the molecular wdgjit profile of the partially hydrolyzed casein or casdnate is 
less than that of casein but greats flian the following distribution: about 13% > SO^OOODa, 53% 

< 30,O00Da and> 21,000Da, 8% < 21,000 Da and > 12,000Da, 26% <12,00ODa. 

Hie molecular weight profile of the partially hydrolyzed casein may conveniently be measured 
by size exclusion gel filtration, using techniques known to tbose persons skilled in the art By 
way of exanq)le, the partially hydrolyzed casein naay be dissolved in a suitable solvent, 
conv^enHy 6M urea, and the protein factions separated usmg fast protein liquid 
chromatography (FPLC system), for exanqple usmg a Siq>erdex 200 10/30HR column, and the 
ehited proteins detected by UV absorption (conveni^Hy at 280 nm). The molecular wdght 
distribution of the ehited proteins naay tiien be calculated by integration of die protein absorption 
curve. Tliose skiUed in tiiie art will appreciate that die protein absorption curve w 
on the choice of buffer and bu£6sr concentratioxL 

Tliose persons skilled in &e art will appreciate tiiat by varying the reaction conditions 
appropriately, such as the reaction time and enzyme concentration, a partially hydrolyzed casein 
having the desured degree of hydrolysis can be obtained By way of example, a partially 
hydrolyzed casein having a suitable degree of hydrolysis may be obtained by first solubiUsing a 
10% isoelectric precipitated casern solution with KaOH to pH 7 at 50^C. The solution is then 
cooled to 37^C, and a porcine pancreatic Irypshx preparation (a suitable preparation is 
commercially available as Novo.4500K, molecular weight 23,400 Da, activity 4500 USP 
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unitSitog) added at about 0,01% w/w casein and incubated for 15 minutes. Enzyme inactivation 
may be achieved by heating to SO^'C andholding for 5 nunutes. 

Once the partially hydrolyzed casein has been prepared, it is then partially cross linked to form a 
p]K>sph0prot6in preparation according to the invention. 

As used hetein, the tehn ""cross linking', vdien used in the conte>ct of partially cross linkmg a 
partial hydrolysate of casein or a caseinate, means the fomiation of inteimolectilar covalent bonds 
between ttie amino acid residues of the casein molecules aod/or casein molecule fiagments 
compising the partial hydrolysate. Preferably^ flic intermolecidar covalent bonds comprise 
bonds betweea glulamine and lysine xesidoes, ie ghitsm:^[/tys>i coval^ bonds. It wiH also be 
appreciated that some inttamolecular cross linking^ ie betcveen amino acid lesidora on Hie same 
casein molecule or casein fiagmen^ is likely to occur. 

Hie temi "partial", wbm used in the context of '^partial cross linking'^ means diat not all of the 
anuno acid residues are cross-linted, ie that some non-cross linked ammo acid lesidues will 
remain fbllowiDg the cross hxiking reaction. 

."is.."- 

The degcee of partial cross linking is e^ipressed herein in tenns of micromoles of cross Knira per 
gram of protein. 

The degcee of partial cross Imkmg, in temis of Ihe quantity of glutamyl/lysl bonds^ may 
convCTiently be determined by hi^ petfomiance liquid dxromatography (HPLC), by canying out 
a proteolytic digestion of flie cross-linked proteuss usu^g suitable enzymes, convenienfly pronase, 
leucine aminopq}tidase, prolidase and ca]boxypq>tidase, followed by HPLC of the proteolytic 
digest and quantification of the a- {r -01utamyl)lysme (O-L) peak. 

The partial cross linldng may conveniently be carried out enzymatically, using either of the 
enzymes lys]4 oxidase or ttansgjhitammase. 

It is particulaily preferred that tiie enzyme transglutammase is used, and that the polymerization 
is carried out at a pH between about 7 and 8. Ihe partial <m)ss linking is desirably carried out 
under conditions and for a time sufScidit to allow tiie desired degree of cross linking to take 
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place. It 18 prefened iiiat fte leaction be carried out under conditions such diat <b.e degree of 
cross linldDg in flie resulting phosplioprotdn preparation comprises about 10 nmoi or more cross 
links per gram of protein, more preferably between about 10 and about 250 moVg protein, more 
preferably between about 50 and 160 pmol/g protein, such as between about 110 and 150 pmoVg 
protein. 

Again, once liie desired degree of cross linldng has been achieved, the reaction can be terminated 
by inactivation of the enzyme, typically by heating tiie reaction mature to a temperature 
sufficient to denature the enzyme, for example to about 80"C for about 5 mmutes. . ft is also 
generally preferred that, following completion of the partial cross linking and deactivation of flie 
enzyme, the resulting phosphoprotem-containing sotation is dialyzed or diaffltered to remove any 
remaining low molecular weigjit p^tides and sails, conveniaifly using a membrane wifli a 
molecular weight cutoff of from about 10,000 to about 14.000 Da. The purified phosphoptotetn- 
containing solutioji may be freeze dried or spray dried to obtain tixe phosphoprotdn preparation 
inasoUdfoim. 

Any commercially available source of transghitamfaiase can be used to cany out Uss partial cross 
linking. By way of esxaraple, a suitable enzyme is a 1% transglutannnase preparation 
commercially available from Ajinomoto Co. as Activa MP. 

Alternatively, the plastem reaction (which is an enzymatic reaction known to tiiose skilled m tiie 
art) may be used. The cross linking may also be carried out between tyrosine residues usmg 



Although it is preferred that partial cross linking of tiie partial casern l^drolysate is carried out 
enzymatically, partial cross linking by chemical means, using a suitable reagent sudi as a 
bifrmctional alddiyde (eg g^taraldehyde) is not excluded. 

Those persons skilled in tiie ait will appreciate tiiat by varytag tiie reaction conditions 
appropriately, such as tiie reaction time and enzyme concentration, a phosphoprotefai preparation 
having the desired degree of cross linking can be obtained. 
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By way of example, a phosphoprotein preparation having a suitable degiee of cioss Imking 
may be obtained by treating a partially hydiolyzed casein prq)ared as described above with a 
transglutanimase prq>aration (Acttvia MP, commeccially available from Ajfaomoto Co.) added at 
a ratio of 4.5% w/w casern and inciibaling the reaction nxbcture at 40^C for 1 8 hours. 

The phosphoprotem preparations may be incorporated into compositions suitable for defiveting 
bioaotive metal ions, particularly divalent metal ions, to humans and animals. Sucb conqpositions 
may be in flie form of pharmaceutical vehicles such as tablets or cq>sules. Tablets or capsules 
containing fhe phosphqprotem preparation, m comhfaiation with a source of a bioactive metal im 
in a physiologica]]y useful amount and one or more physiologically accq>taible caixiers or 
diluents, may be prq)ared usmg standard methods known to &ose skilled in fhe art Hie dashed 
quantities, ie effective amounts, of the source of bioactive metal itm to be incorporated in tiie 
conq)ositions of the present invention will vary dep^ding on Ihe particular cation in question and 
the amount in which it is required by the mammal for whom the con9)osition is intended, for 
example ^eOier it is a trace mineral such as iron, zinc, manganese, molybdenum, copper, 
chromium, or is required in larger amounts, such as caldum. 

AltemaliVdy, fhe phosphoprotein preparation may be incorporated into a foodstuff or beverage, 
in combination with a source of ttie bioactive metal ion it is desired to adnmust^. For esample, 
conqjositions ccmtairdng Hbe phosphoprotein preparations in conibination witfa an eJBfective 
amount of a source of calcium (such as calcium phosphate) or iron may be administered to 
humans or animals hineed of calcium or iron snpplmi^itaticni, respectively. 

The phosphoprotdn pr^arations also have particular qqplication in remin^alising teeth, and in 
treating or preventing tooth erosion, dental caries, dentinal hypersensitivity or gingivitis. 

Compositions usefid m such applications and suitable for contacting teetii with tiie 
phosphoprotein preparation may take a number of fonns. For exsaoaplo, such conipositions may 
take the form of a mouthwash era denti&ice, such as a Uquiddentifiice, toothpaste, apowder, an 
emulsion or a gel containing the phosphoproteiOL Alternatively, tiie phosfphoprotein preparations 
may be incorporated into foodstuff, such as cheesy for esKan^le processed cheese, or 
confectionery such as chewing gum. 
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It is prefetwd fliat, in addition to flie phosplioptotein preparation, such con?)ositions also contain 
a source of calcium ions, and preferably also a source of phosphate ions. For example, calcinm 
phosphate may be included in the con?)osition. Although calcium and phosphate ions are present 
in saliva, incorporating sources of these ions is preferred in order to take advantage of fte 
calcium-binding properties of Ihephosphoprotem and maximize the concentration of calcmmand 
phosphate ions in contact Tviih the tooth enameL 

It is particularly preferred that calcium ions are present in the compositiQn at a level of at least 
about 5 mmol calcium ions per gram of phosphoprotem preparation, such as at least about 10 
mmol/g, such as about 20 mmol/g, such as about 30 mmol/g. it is also piefened fliat Ihe molar 
ratio of calcium ions to idiosphate ions is m &e range of about 0.8-U:0,4-0.8, more preferabfy 
about 1:0.6. 

In some particularly preferred embodiments, tibe source of caldum ions comprises natural milk 
calcium phosphate, in which the calcium is generalty m the fiam of caldom hydroxyqwitita. 
Natural milk calcium phosphate is commercially available, with a particulariy prelEened 
embodiment being that available from New Zealand Milk I>toduct8 Ltd under the Hade name 
ALAMIN®, which comprises calcium, phosphate, and also prntem^ lactose, fet. moisture, 
sodium, potassnim and ddoride, in fbe following t^ncal proportions: 



Total mmeral content 70% (w/w): 28% cakhun and 48% 


Protein (Tl x 6.38) 


7% 


Lactose 


4% 


Fat 


1% 


Free moisture 


3% 


Bound moisture 


8% 


Calcium 


28,000 mg^lOOg 


Phosphorus 


16,000 mg^lOOg 


Sodium 


400nig^l00g 


Potassium 


SOOn^lOOg 


Chloride 


lOOmg^lOOg 



16 



wo 2004/035077 



PCT/NZ2003/000232 



Natural milk calcium phosphate may be obtained by mefliods known in die arl^ Really by 
clarifying and pasteurizing acid wiiey pemieate, oooHng and ultiafiDitering the permeate, followed 
by heating, pH adjustment and holding at the elevated ten5)erature such that the minerala 
includmg calcium phosphate will be ptecQiitate4 and lecovesy of the precipitate. 

Another suitable aource of natural milk calcium phosphate is die product available under the 
trade mark Lactoval® fibmDMV hrtemationaL 

Other anions that may be included in the conipositioiis include fluoride and fiuoiophosphate. 

In other embodiments, the compositions may include a source of stnmtium ions in addition to or 
. instead of calcium ions. Such con]Q)05itu)ns may be particularly useful in treadng dentinal 
hypersositlvity. 

It is g^erally preferred that the pH of the con9)08itions of the present invention, either in the 
form of compositions for delivoriug bioactive metal ions or for d^ital applications as described 
above, is buffered at a level between about 6 and 9, more preferably between *out 6,5 and 8, 
still moreptef^rably between about 6.8 and 7.7, and most preferably between about 7 and 7.5, 

In one mibodiment of the invention, a lurocessed cheese product is provided, which includes a 
phosphoprotein preparation as described above, in combination with natural wiillr caldum 
phosphate. In this embodiment of the invention, it wiU be i^pieciated fh^ 
as a source of dietary calcium as well as having rendnearalismg/anticdries properties. 

The processed cheese component of tibe product is preferably preset in an amount of about 90 to 
about 98% by wei^t of the product, such as about 94 to about 96% by weight, typically about 
95% by wd^t The phosphoprotein prq>aration may typically comprise about 0.5 to about 3 % 
by weight of the product, such as about 1 to about 2 %, typically about 1.2 to about 1.6% by 
wei^t Ihe natural milk calcium phoq>hate may typically contiprise about 0.5% to about 4.5% 
by weight of the product, such as about 2 to about 3.5%, typically about 2.5% to about 3% by 
weigjat 
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In anoliisr spedfic eoibodiment of the mvention, a con9>osi1ion in the fonn of an OTwIsion is 
provided, comprising a phosphoprotein preparaticm as described herein in combination with 
natural milk calcium, convcauOTlJy Hist commercially available as ALAMIN®. The 
phosphoprotein preparation may oonveniaitly be present in an amount of about 1% to about 15% 
by weight of the emulsion, such as about 5% to about 12%, typically about 9% to 11%. The 
natural milk calcium phosphate may be present in an amount of about 3% to about 12% by 
weigjit of tile emulsion, such as about 5% to about 10%, typically about 6 to about 9% by weight 
The emulsion will preferably include one or more additional con5)oneQts, such as emulsifieis, 
tiiickeners, flavourings and sweetens. Such additional couqjonents may be chosen fix>m Ihose 
known in the art as suitable for use in emulsion type forrmilations for dental use. 

The invention will now b e described in more detail with refermce to ihe following non-limiting 
examples. 
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EXAMPLES 
Exanq>lel 

Phosphoprotein preparation and caldrnn binding 
Tryptic hydrolysis . 

A 10 % isoelectric precipitated cas^ solution was solubilised wilii NaOH to pH 7,0 at 50'C 
Once soluble, flie solution was cooled to 37'C, and bovine derived ttypsin (Novo) added at 
between 0.01 - 0,2 % w/w casein, incubated for iq) to 2 hours, then heated to 80'C and held forS 
minutes. 



Lotnunober En2yme concentration Hydrolysis time Degree of Hydrol)^ 

% weight/^weight caseiti /minutes 

MAPIO 

Lots 0.01 15 5.7 

Lot 6 0.01 30 6.0 

Lot 7 0.01 45 63 

Lotl 0.01 60 7.0 



The molecular weight profflss of Ihe phosphoprotein preparations were determined by gel 
filtration as follows, A 1% protein solution was prepared in 6M Urea, with 5QmM sodium 
phosphate at pH 7*5 as flie buflfer. This solution was centiifuged at 10 000 x g for 10 minutes and 
passed ftrough a 0.2iim filter. A sample volume of 500 pi injected into flie 100^1 sanq)le loop of 
a Pharmacia FPLC fitted with a Superdex 200 10/30HR column. The runnmg buffer used was 6 
M Urea, with 50mM sodium phosphate at pH 7.5 and flow rate of 0.5 ml/min. Detection was by 
UV absorption (280 r|m). The protein absorption curve was integrated and arbitrarily divided into 
the followmg four molecular weight groi^ings: 

1) greater than about 30,000 Daltons 

2) less than about 30,000 Daltons and greater than about 21,000 Daltons 

3) less than about 21,000 Daltons and greater than about 12,000 Daltons 

4) less than about 12,000 Daltons. 



Molecular weight profiles of Lots 5, 6, 7 and 1 ((^er partial hydrolysis), expressed as % 
distribution of Lots 5, 6, and 1 
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Molecular weight 

range 

>30,000 


5 

13.66 


6 

11.66 


Lot number 

7 

9.4 


1 

9.84 


<30,000,> 21,000 


53.74 


50.78 


49.13 


48.87 


<21,000,> 12,000 


7.58 


939 


11.37 


10.92 


<12,000 


25.02 


27.57 


30.1 


30.37 



Ttans^utoininase treatment 

The pH was re-adjvsted (as necessary) to 7,0, and transgtatanimase (1% coimnercial preparation, 
Ajinomoto) added at a ratio of 4,5% w/w casein and incubated at 40**C for tiie desired lengOi of 
time. Enzyme inactivation was achieved by heating to 80'C, and holdmg for 5 min. The 
modiJBed protein sohitions were freeze dried 

Number of cross links formed cfier treatment with trmsglutcmtinase, expressed as fjmol cross- 
link/g protein for Lots 5, 6, 7 and 1 



Lot number Ctoss-linking time (hours) 

1 6 18 

Lots 50 98 168 

Lot 6 51 90 152 

Lot? 55 95 150 

Lotl 57 109 159 



Measurement of calcium binding capacity of the phosphoprotein prcparafious 

The calcium binding capacitj^ of the proteins was determined by re-suq)ending die protem in 
wato:, adding calcium and phosphate ions at a set ratio under constant pH; removing the 
insohible material (salts and protem); thoi removing the soluble non bound salts and determining 
the amount of calcium bound to the soluble protein* The experimmtal details were as follows, 

A 1% solution of the protems were dissolved with milli-Q water, and allowed to stand for 1 hour 
to ensure complete hydration, Calcmm chloride was added at die following levds: OmM, IQml^ 
aOmM, 30mM, 40mM and 50mM; and the solution incubated at 25*C for 1 hour widi good 
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mixing. Sodiijm phosphate was added at a molar ratio of 0,6 to the caldum. Throughout the 
experiment Ihe pH was maintained at 7.0 using NaOH solution- The samples were incubated at 
25"C for 6 to 10 hours with good mixing. After incubation, a sample was centri&ged at 10 000 x 
g for 1 0 minutes and filtered thiouiJi a Q2\mi njdon filter and spht into two portions. 

One portion of the sample was injected into a 2ml swsple loop and loaded onto a Pharmacia 
EPLC fitted with Sephadex G-25 (Vt=<l5 ml) desaMngcohmm. The Tunning buffer lOmM 
HEPBS at pH 7 the flow rate was 2aA/ixm and detection was achieved flirough UV absorption 
(280 Tim), conductivity and pKL The piotem peak was collated and calcium concentration 
detemuned by atomic abscnption spectroscopy (AAS). 

The oQm portion was used to deteamine ttie soluble protein content as per the Folin protein 
assay. 

Calchm binding capacity of Lot 5 b^ore (0 hours) and after transglutaminase treatment (1, 6, or 
18 hours) expressed as mg per g initial protein 



nmiol Ca Hoars treated with transg^utan^dnase 



added 


0 


1 


6 


18 


30 


3^ 


73 


7A2 


31.2 


40 


1.1 


\2 


34.7 


37.6 



Caldum binding capadty of Lot 6 b^ore (0 hours) and after transglutaminase treatment (1, 6, or 



18 hours) expn 


3ssed as mg Cc^ perg mitial proton 




mmol Ca^ 


Hours treated wifii transj^utaminase 




added 


0 16 


18 


30 


9.3 32.3 32.1 


402 


40 


0.0 2.6 7.1 


4.2 



Calcium binding capacity of Lot 7 before (0 hours) and after transglutaminase treatment (1, 6, or 
18 hours) expressed as mg Ck^'^ perg initial protein 
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mmol Ca^ Hours treated with trans^utandiiase 



added 


0 


1 


6 


18 


30 


16.1 


24.6 


28.5 


32.0 


40 


3.0 


2.4 


l]/8 


7.4 



Caldum binding capacity of Lot 1 before (0 hours) and qft^r transglutaminase treatment (I 6, 
18 hours) expressed as mg Ca^^ per g initial protein 



mmol Ca^ Hours treated with transgiutammase 



added 


0 


1 


6 


18 


30 


24.6 


16.0 


21^ 


36.4 


40 


2.4 


1.9 


6.1 


21.1 



Calcium binding capacity of caseinate expressed as mg Cc^^ per g initial protein 
mmol Ca^^ mg Ca^^bomid 



added 




0 


0.0 


5 


2.8 


10 


2.3 


15 


1.7 



Tte different proteins described above rqEttesent a range of degrees of hydrdysis of casern (Lot 5 
the least hydrolysed. Lot 1 the most), and a range of cross-linking of the hydrolysis products with 
ttans^utaminase (0 hours, no cross-linkh^ and 18 hours fte most cross linke^. Lot 5 protdns 
are the most resistant to Ca*^ indoced precqiitalion with near maximum calcium loading 40 mg 
Ca/gpratein still remaining sohible in a 40 mM Ca^solution. 



With a greater degree of hydrolysis of the casein, flie protems, even afta: extensive Tg cross- 
linking, become less resistant to ptecqwtation m the presence of hiiJier Ca^* concentrations. None 
of the non-cross linked samples wctb resistant to precipitation, and resistance increased with 
greater ax>8s-linldng in all san^yles. 
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The ability of native casein to Wnd Ca^* is denunsttated in &e final table. It is rapidly 
precipitated witii increasing Ca^ conccstttrations and has a madmum landing of just 2.8 niig Ca^/ 
g casdn at 5 mM Ca^^ 

Hie caseinate results illustrate (fae smprising nature of Hie paitiaUy ooss-linfced hydiolysed 
casein solubility/binding results fliat proteins wifli an average molecular -vr^gbt similar to 
unmodified caseinate (or greater flian caseinate) should bind substantially more calcium ions and 
remain soluble. 

Exanqile2 

Preparafton of a phosplioprotdn 
TiTpttc hydrolysis 

A 10 % isodeotric precq)itated casein sobdioQ was solubilised with l^aOH to pH 7.0 at 50*C. 
Once soluble, the solution was cooled to 37'C, and porcine derived trypsin (Novo.4500K, 
molecular wei^ 23,400 Da, activity 4500 USP unitsAng) added at 0.01% w/w casern and 
mcubatedfor 15 minutes. Basyms mactivation was achieved by heating to 80'C, and holding fbr 
5nnnute8. 

Molecular w^f^ profiles of Lot 5 
Molecular w«|^ range 
230,000 13.66 
<30,000,> 21,000 53.74 
<21,000,> 12,000 7.58 
<12,000 25.02 

Transglutaminase treatment 

The pH was re-adjusted (as necessary) lo 7.0, and tiansglutamuuse (1% commercial preparation, 
Aotiva MP, Ajmomoto Co) added at a ratio of 4.5% w/w caseb and kcubated at 40*0 fiw 18 
hours. Enzyme inactivation was achieved by heating to 80*C, and holdhig for 5 min. The 
molecular wdgjit material greater &an 30,000 Da was incieffi^ by 100%. 
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Exaiiq[de3 

Teeth rendiierallsattoii Oiiardenlng) 

TheramnBraUsmg(idiaideniiig}p^ The products were 

human saliva, casemate solotian and a phosphoprotein prepaiation obtained by partial cross 
linking of partially hydrolyzed casein. The reminaalising efficacy of the products was 
detennined by measoiing the recoveiy in hardness of flie controlled acid etched human enamel 
following treatment 

Enamd preparation 

■Hie human unerapted third molars were used in all of the experiments. After extraction, the teefli 
were mechanically cleaned with anylac bnish and deionised water, and stored until required in 
1 0% buffered formalin solution (pH 7.0) at 4''C. 

Before use, the teeth were thoroughly rinsed, cut longitudinaUy and then were embedded in 
^oxy resin (Araldite). Each specimen was hand-ground on a ^ass plate using siHcon carbide 
grits, progressively of 240- to 600-grit, under running water. Fine polishing was achieved using 
the 8-inch Laps v-dth 3-p,m diamond abrasive for 5 minutes and with l-pm diamond abradve for 
another 5 minutes on a rotating polishing machine using distilled water to keep specimens moist 
Between each polishing treatment, an ultrasonic balh was used for removing ddais. Tbo 
specimens were evaluated under a dissecting microscope (15x) and those with any evidence of 
cracks, flaws, developmental defects or extraction damage were rejected. Hie selected san^les 
WCTe stored until required in 10% bufifered formalin solution 7.0) at 4<'C 

Enamd Demineralisation 

The polished so'jnd enamel specimens ware individually demineraHsed in 25ml of 1% (w/v) 
citric acid solution for 10 minutes at 37°C to create eroded lesions. Following demineralisation, 
specimens were washed tiioroughly with deionised water and stored in ddomsed water prior to 
the next step. Hie pH of the solution was 2.3. 

Remineralisatioii 
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Preparation of Ihe remineralisatton products 

Saliva: Submandibular saliva was collected fiom a healthy volunteer and 10 mmol/L sodium 
azide added Twenty-five millilitres of saliva was used for each specimen in the ramineialisfaig 
procedure. 

10% Caseinate Solution (CN-60Ca): CN-60Ca contained 36 mmoI/L (P04)^ (at pH 9.0), 60 
wmoVL Ca^* and 10% (w/v) lactic acid casern. The solution was thoroughly mixed using a 
magnetic stirr^ at room ten^ieiature. After incubation in a water badi at 50*^0 for 15 mniutes and 
cooling to room teniperature^ 10 mmoI/L sodium azide was added as a preservative and then 
adjusted to pH 7,5 with 10% (w/v) NaOa 

10%Fhosphcprotem Solution (PO60Ca): PC-60Ca consisted of 36 mmoWL (at pH 9.0), 
60 mmol/L Ca^^ and 10% (wAr) phoqihoprotdn preparation obtained by partial cross linHtig of 
partially hydrolyzed caseinate (PC). The phosphoprotein pr^aration was obtained by treating a 
caseinate solution having a degree of hydrolysis of q>ptoximatdy 4% wifli the exizyme 
transgilutaminase, as described in Example 2. Other conditions were as described for CN~ 
60Ca7.5. 

Protocol for Enamd Rendneralisation 

The selected specimens were treated in sq)arate rennneralisation solutions. Tbe spedm^ were 
immersed in 40nil of fiesh rermneralisatian solution (under constant shaking) for four hour time 
periods at 37^ in individual sealed 80-ml beakecs. The CN60Ca was also mcubated for a 16 
hour time period 

Evaluation of DendneraHsaflon/Renuneitillsation 
Surface Microhardness (SMB) Evaluation 

The surface microhardness (SMEQ of the enamel blocks were measured with a Leitz MmiLoad- 
Hatdness instrumeat usmg a Vickers diamond under a 200g load for 20 seconds. The spedmens 
were held perpendicular to the indenCor to Uxo conq)ound stage of ttie hardness inslnnnent. 
Fifteen indentations were averaged on each sur&ce of the individual spechnens for surface 
hardness determinations (afto: standardisation of the diamond indenter and using the 40Qx 
magnification). A distance of at least two tunes tiie indentation lengths for enamel was kept 
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between tiie mdentations to iniiiimise interactions between neighbouring indentations. The SMH 
readings were taken at three stages of enamel demineralisation/remineralisation model as follows: 
(1) before ejqwsure to the demineralisation solution (DS), (2) after exjwsnre to the DS (1% citdc 
acid) and softening and (3) afto: exposure to remineralisation solution or control solution. 
Following the initial examination of SMH (stage 1), each specimen underwent 10 minutes of 
demineraUsation at 37**0 in DS. Each specimen was immersed mdividually in 25 ml of sohition. 
After exposure, the specimens were then temoved fiom the solution^ washed fhoiou^y in 
deionised water, blotted dry witii 3mm filter paper and taken for SMH le-examination (stage 2). 
Aft^ the selected rmuneralisation treatment, ihe specimens were removed ftom flie solution, 
fliorougjily washed in deionised water, blotted dry again and re-tested for SMH (stage 3). The 
softening and rehardening potentials of tiie DS and the different remineralisation solutions were 
calculated fyc each specimen by subtracting the baseline SMH value (stage 1) and rdiardening 
value (stage 3), respectively, fiom the sofiemng value (stages 2). 

The relationship betwe^ the measured SMH and Ae length of tiie Vick^ indent average of tUe 
two diagonals was determined by equation 1: 

SMH(kg/mm2)^1854xP/d2 [1] 

wheie P is the load in grams and d is tiie average lengtii of tiie diagonals of the Menlatiffn 
measured in miarons. The SMH numbers are directiy fiom the microscopic measurements witii 
Leitz MhuLoad-Hardness instrument used in tiie present stcdy. In order to con^aie quantitatively 
tiie SMH numbCT for the de- and remineralised specimens on a linear scale, it was necessary to 
conv^ tiie pre- and post-SMH measurements to values proportional to tiie yield of change 
betweea softened SMH and tiie amount of remineralisation achieved. For conqpaiison between 
these two results, the difference of the remineralising effect was calculated using equation 2: 

R(%)^ [(PSMH)3 . (PSMH)21 / [100 ^ (PSMH)2] x 100% [2] 

inhere PSMH3 and.PSMH2 miean as Mows: 

PSMH3 - [SMH of stage 3/SMH of stage 1] x 100% 
PSMH2 = [SMH of stage 2/SMH of stage 1] x 100% 
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Hieref ore R in equation 2 is the 
stage 3 in ibis study. 



rehardening yidd, remineralisation jdeld, or recoveiry yield, of 



Results 



Table 1. Effect of submandifaiilar saliva, casemate solution and pho^hopmtem pr^aration (obtaiaed by oartial 
cit)SsliiiMngofpaTtisflyhydrolys6dcaseiu)on Aee^^ 



Suiface Mcrohaidaess (kgi^mm^) 



Specimen No 


Stags 1 


Sta®e2'^ 


Stage3 




Meaii(SD) 


Meaii(SD) 


Mean(SD) 


Saliva jfor 4 hours: 










Saliva 1 


398.6 (2L8) 


33L4(343) 


380.3 (30,5) 


** 


Sa]iva2 


370.3(13,6) 


285.0(353) 


349.7 (223) 


** 


Saliva 3 


405.0(27.7) 


2903 (26.4) 


352.6 (20.8) 




Saliva 4 


379.6(14.9) 


2932(25.6) 


3443 (17.8) 


** 


CN-60Cafor4houi8: 










CN4 


350.6(30.4) 


281,9 (15.4) 


279.1 (203) 




CN5 


405.9 (29,5) 


319.7(20.3) 








370.4 (19.1) 


282.3 (26.7) 


293.0(26.6) 


**♦ 


UN 7 


397.2 (18.6) 


313.4(19.5) 


316.0(15.8) 




vax"wwaXQr lo nouis* 










CN8 


394.5(19.0) 


293.4^33) 


339.1(26.4) 


«* 


CN9 


422.5(24.5) 


339.8(23.7) 


325,1 (20.1) 




CNIO 


376.5(30.4) 


324.2(30.7) 


362,4 (30 J) 


a>=0.003) 


CNll 


387.0(20.4) 


315.8(30.0) 


335.6 (20 J) 


Cp=0.015) 


PC>60Cafor41ioii]B 










PC-60Cal 


356.9(20.5) 


307.0(23.2) 


338.5(36.9) 




PC-60Ci2 


411,7(19.5) 


296.9(22^ 


336.7(35.4) 




PC«.60Ca3 


378,0(20.4) 


300.4(15,1) 


384.9(16.1) 




PC.60Ca4 


374,9(14.7) 


2U2(X9S) 


394.9(25.0) 


** 


PCdOCaS 


379.6(13.9) 


286.6(19.5) 


4003(28.9) 




PC-60Ca6 


365.2(11.8) 


293.5(26,3) 


3643(18.3) 




PC-«0Ca7 


374.9(30.3) 


324.4(30.5) 


364.9(30.6) 




PC-60Ga8 


405.1 C2L3) 


336.7(19.8) 


406.5(37.1) 




PC-60Ca9 


388.1 (21.9) 


280.006.2) 


396.7(22.8) 




PC.60CfelO 


3995(26.3) 


289,8(09.1) 


3693(17,0) 


4t« 
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Ccmtiol groups: 

PCwOftl 347.6(19^ 26M(13.7) 277.4 (20 J) **♦ 

POflio&2 367.7(18.7) 302.4(20.6) 307.5^.7) »*♦ 

BoPC-fiOCal 362 J (18.9) 299.4(20.6) 278.7(18.7) 

iiQPG-Ca2 373.0(21.0) 294.1(22.2) 291,0 (?U) **♦ 

N = 15 (each spedmen)* 

Stage I: Mioiohardaess testing in initial stag^ 

Stage 2: Mcroliaidness testing ate 1.0% dtdc add etdnng for 10 minutes. 
Stage 3: Treating group: ^crohaidnestesltaga^tre^ 
* All stage 2 values were significaQfly less ftan stage 1 values (P < 0.001). 
** Stage 3 values wmsigdllcandygieatoflian stage 2 values m 

Sta^ 3 values ivere not sigaificantlygceal^flian stage 2 values in control groi^. 

The Effect of Saliva on Etched Enamel Surface 

Table 1 shows that human submandibiilar saliva rignificanfly increased tiie SMH numbers of 
etched enamel after the four-hour treatment The lelativd SMH afier acid etdiing (Stage 2) wb3 
decreased to 77.3% of its original value and after, treatment with &© saliva fliis. incxceased to 
91.99^ (Stage 3). Tho mean of flie remmeralisation yield (R) was 65.5%. 

The Ejffect of 10% Caseinaie(Cl^m Etched EnamlSi^ 

It required 16 hours treatment wifli 10% casdnate sohition (C3Nr-60Ca7.5) before significant 
rehazdening was found; there w^ no effects observed in the 4-hour groups. After lieatment for 
16 hours, SMH numbers significantly increased in tinee out of the four q>ecim^ (P - 0.001, P < 
0.003, P = 0.015, respectivdy) (Table 1). The relative SMH after add etching (Stage 2) was 
decreased to 80.6% of its origuial value and afier treatmimt witii Ifae caseinate solution for 16 
hours fbis increased to 86.5% (Stage 3). The mean j; was 32.1%. 

The Effect of Phosphoprotein obtained by Partial Cross linking ofPartUdly Hydrolyzed Casein 
(PC) on Etched Enamel Sfurface 

Table 1 shows the change of SMH numbers of enamel surfece after treatment with the 
phosphoprotein preparation obtained by partial cross linfcmg of partially hydrolyzed casern (PQ 
with 36 mmol/L (P04)^ 60 mmVL C^^ (PC-60Ca), The SMH numbers of etched.enamel were 
significantly increased after the 4-hours mcubation m PO60Ca with all \ssa specimens. Seven out 
often spechnens ahnost returned to (he hiitial (before-etcWng) SMH values. The SMH numbers 
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were sigmficantly higher than that of hiitial level in two tests (20%) (P = 0.012) after txeatment 
withPC-60Ca. 

The relative SMH after acid etching (Stage 2) was decreased to 783% of its origiaal value and 
after treatment with the PC solution for four hours this increased to 98^% (Stage 3), The 
remmeralisation yield (R) waa 92.1% (n ^ 10). 

The ejqwsure of acid etched enamel to the phosphoprotem solution without Ca^**^ (PC-noCa) or to 
calcium phosphate buflfe wifli no phosphcprotein preparation (no PC-60Ca) resulted in no 
significant regain in hardness (Table 1). 

Summary of the performance of the d^^ent remineralisation solutions on the recovery yield of 
the etched enamel surface 

The enamel remmeralisation yield is presCTted in Figure 1. The diflBsrence in remmeralisation 
yield between solutions was clear. PC-SOC^ produced distincffy greater remineralisatian potential 
ihanttiatofotfaj^. 

De- and Remineralisation Assessment by Scanning Electron Microscopy (SEM) 
Bxarmnatian of the enamel surfoce by Scanning Electton Nficioscc^y prior to etchmg showed the 
surfece to be smooth (Figure 2). In contrast, it was found fliat add etching of sound enamel 
resulted in (1) a loss of sur&ce enamel, (2) an increase m the tooth surfece area due to One 
rou^OTing of the tooth surfece and (3) exposure of a more reactive snirfece following the 
removal of siqierficial inert enamel (Figure 3). 

After treatmCTt with PC-60Ca» the etched ^uimel surfece was covered with a relative smooth and 
dense coating with ftequent rod-shaped products, hi most areas, a moderately uniform surface 
coatmg was present with adh^ent reaction pmdacts of 0«S-1 pm in lengOi. Hie coating was 
sufficiently dense to obscure the enamel prisms. The distribution of the deposits was relatively 
homogeneous and the deposits covered almost bBl the ^lamel surface (Figure 4). The presence of 
small rod-shaped products was assumed to be phosphoprotein-calchnn phosphate cocq>lexes 
(PCCPC), tiough morphologic jqipearance alone does not identify a chemical corr^und It can 
be seen that many rod-shq)ed products were present m flie demmeralised interprismatic regions. 
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Dlscussioii 

Exposure of demmeralised enamel sui&ce to remipmlisation solutions showed a regain in 
microhaidfless. This may indicate a partial restoration of the calcium phosphate conteait The net 
result was a fflling of mtra- and mteiprismatic spac^, which was assessed directly by SEM 
morphological observation and indirectly by uidentation length measur^nenls. A reduced 
porosity of the enamel surfece m the SEM causes an mcreased resistance to the indaiter 
penetration into flie test surface, which is reflected by a smaller indentation length and suggests 
that remineralisation has occurred. 

Remineralisation Effect of Saliva on Etched Enamel Stnface 

That saliva resulted in the rehardening of the etched enamel was expected as the remineralismg 
ability of saliva is well reported (Koulourides et al. 1965, Leach ei al. 1989, Peretz et aJ,, 1990). 
Saliva can be described as **the bloodstream of the teeth" - being rich m mmerals and protems 
and supersaturated with respect to calchmi and phosphate ions. It sunounds and bath^ the tooth 
and provides a constant supply of ions to the enamd surfece (Peretz et aL, 1990), When cleaned 
enamel is wet by saKva, specific proteins (such as stalherins.and proline-rich protems) fix>m fiie 
saliva are adsorbed onto the teeth surface to form fee salivary pellicle or acquked pellicle. These 
two protein groups are thought to inhibit piimary (spontaneous) and/or secondary precipitation 
(crystal growth) of calcium and phosphate ftom saliva. This qjpears to be a necessary and 
inipmtant activity in fee oral cavity because human saliva is supersaturated wife respect to most 
calcium phosphate salts, Th^e precipitation inhibitors keqp fee saliva in a state of 
supersaturation. Ihe pellicle plays an important role in protecting fee enamel by serving as a 
diffusion barrier. 

An etching or carious lesion occurs in particular locations on fee enamel surfece v^bsre fee 
equilibrium is upset and where a net loss of mineral has occurred. The plqraical nature of fee 
surface enamel, fee saliva and feie acquired pellicle can be considered as analogous to defence 
mechanisms present in ofeer systems in fee body. 

Remineralisation Effect of Phosphoproteins obtained by. Partial Cross linking of Partialh 
Hydrofysed Casein (PC) and Caseinate on Etched Enamel Surface 

Under fee «qperimental conditions, PC and casemate were shown to coat on, incorporate in and 
rehardenthe etched enamel surfece when assessed by microhaidness testmg and SBM. The SMH 
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numbers of etched enamel showed almost covaplete recovery after treatment with the PC 
solution. The SEM showed a dense coating layer was preoq)itated on the enamel sm&ce fliat 
resisted removal, even after 1 0 minutes of water washing. However, the crystalline nature of the 
surface enamel cannot be detetmmed by &e SEM method lised in ibe present study. 

The cremate was not as effective as the PC and required a treatment time of 16 horns to achieve 
significant rehardanng. The major reason for this was believed to be the low solubility of flie 
caseinate in the presence of calcium and phosphate ions. 

For successfiU rehaidenmg of the enamel when using Ihe PC calcium and phosfribate ions had to 
be present. The omission of any one of the three components (phosphoprotein^ calcium and 
phosphate) resulted m no renuneraUsation phenomenon bemg observed Although the time period 
and chemical conditions (the condrtians will be more convex in oral enviionmetit) are enpirical, 
the key conclusion is that the de- and r^nineralisation occurred in ftis model system. 

The possible reasons for the high temineralising ability of the phosphoprotdn in coi^unction wifli 
the calcium and phosphate ions are as jfoUows: 

1) The hj^lysis process followed by the partial cross linking process results in a protem wife 
greatoT'Stability than that of caseinate. The hydrolysis treatment followed by the partial cross 
linking treatm^ appears to mterf^ with the seIf«*associatmg nature of casern and appears to 
'inhibit its miceSe-forming tendency. Due to this decreased ^d^icy to self associate the 
protein will remain soluble in the pies^ace of high levels of calcium and phosphate. 

2) The caldum phosphate rich phosphoprotrfn is fte main conqHmen* of the PC sohition. The 
promotion of enamel remineralisation by the PC is consistent wifli the protem soiubilismg 
calcium and phosphate ions being at least partially responsible for remmeralisation activity of 
casein. It is thou^t that the PC mcreased the solubility of calcium ions m sohition, resulting 
m a higher concentration of fiee calcium ions available into the pores of etched enamel 
surEace to facilitate remineralisation activity. 

3) Without wishmg to be boimd by any .theory, the remmeralisation model of tiie phosphopiotein 
obtained by partial cross linking of partially hydrolysed casein may be related to ite ability to 
coat on and incorporate in the etched enamel surfece. The PC contams closely situated groups 
of phosphosetyl residues that bmd calcium phosphate and hydroxyapatite very strongly. 
These sections of tiie protem could caldum-bridge, ionically mteracli and hydrogen-bind with 
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the enamel surface. On binding to thehydroxyapatite surface, fheprotdncoatingmay actas a 
reservoir, releasing caldum ions available for use in remineralisation or ledeposition into 
areas of demineralisation in tiie crystal lattice. As shown in the present study, casein 
phosphoprotein-calcium phosphate particles are present on the enamel surface of the caldam- 
releasing bonding systems, fomdng a potential protective deposit an Ihe enamel surface. 
Dissolution of calcium ions &om casern phosphoprotein-calcium phosphate complexes 
(CPPCPC) and diffiidon into the patea in die mamel may have occurred 

Ezanqile 4 

Pr^aratioii of a phosphc^rotdn (MAP 112) 
Tryptic hydrolysis 

Fifty-five kilograms of sodium caseinate was dispersed in 50X deiomsed water so that a final 
concftotratiiHi of 522L was achieved. The solution was cooled to 3TC, fte pH adjusted to 7.06 
with NaOH and porcine daived trypsm (Novo,4500K, molecular weight 23,400 Da, activity 
4500 USP units/mg) added at 0.01% w/w casern and incubated for five jnmutes. The solution 
was heated to SO'^C over 1 5 minutes, he}d for four minutes and cooled to 45^C 

Molecular weight profile cfier hydroiysis 
Molecular vrA0st range 
230,000 

<30,000,> 21,000 
<21,000,> 12,000 
<12,000 

Transglutaminase treatment 
The pH was re-adjusted to 7.0, and traiosgliitaniinase (1% commercial preparation, Activa MP, 
Ajmomoto Co) added at a ratio of 4.5% w/w casefai and mciibated for 15 hours (tenqperature at 
the end of mcubation was 32*'C). The solution was heated to 80*C and held for 5 minutes. The 
solution was diluted to lOOOL and cooled to 5*^0. The sohition was ultcafiltered until a final 
concentration of 20% solids was achieved and dien spray dried The molecular wei^t material 



Percentage 
10.7 
57.8 
15.7 
15.8 
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greater fhaa 30,000Da was increased by 100% and the number of cross-links in tlie protein was 
92\umVg. 

Examples 

Rendneralisation of enamel following a gentle erosion model 

A second acid erosion model that provided less aggressive esrosion was examined using an acetic 
acid-based system. 

Methods 

The enamel was prepared as per £xanQ)le 3. 
Preparation of Demineralisation solution 
24 and 48 hours dercdneralisation solutions 

Two denuneralisation solutions were prepared at pH 4.5 and pH 4.8 witii 0.1 mol/L acetic acid 
and the pH adjusted with NaOH. Hydroxy^atite (HA) 750mg/L and 500mg/L of were added to 
the demineralisation solutions at pH 4.5 and pH 4.8, respectively. Sodium aade (0,05g/L) was 
added to each solution as a pteservative and the bottle wrapped with foil and stored at 4*C until 
required. 

72 hours demmeralisation solutions 

Sample preparation procedure as above sample, except that 750mgflL and LO g/L of HA were 
added to the demineralisation solutions at pH 4.5 and pH 4.8, respectively. 

Preparation of ReEoineraKsation Solution 

Twenty-five grams of MAP 1 12 protein (prepared as described in Example 4) was dispersed in 
BOOmL of distilled water. A 2M calcium chloride solution was added dropwise and fiien after 30 
minutes the sodium phosphate (Na2HP04) was added so that a final concentration of 6Qmmol 
Ca and 36iimioi P04^' were achieved. The pH was adjusted to 7.0 iiang 4M NaOH and made 
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up to volume (SOOml). Sodium azide (OMgfL) was added to each solution as a preservative and 
fb& botfle mapped with foil and stored at 4^C untfl required. 

Protocol for Boamel Demineralisatioa 

The specimens were deimneralised in 25 ml of demineralisation solution (under constant shaKng, 
in dank) for periods 24 hours, 48 hours and 72 hours at 

Protocol for enamel remineralisation 

The deminerahsed enamel blocks were remineralised m MAP 112 protem soluticms containmg 
60mmol/L Ca ions and 36mmol/L phosphate ions. The enamel blocis w^ iimueised in 25 ml 
of renrineralisation solution (under constant shaking) for various time periods at 25'*C hi the dark. 
The reD3inera]isation solution was dianged ev^ three days. 

Assessment of changes in the enamel 
Microhardness 

The microhardness was measured as per Exanq)le 3 on the untreated «iamel, enamel after 
demineraUsation and at periods during lemixteralisatiozL 

Results 

On demmeralisatian all sang>les showed a decrease m sur&ce microhardness (SMH) wfth flie pH 
4.5 solution showmg a bigger decrease than the pH 4.8 solution. Surfece changes were 
confirmed by light microscopy. Whea the remmeralisation portions of fte graphs are exarn^ 
can be seen that aU samples show a slow increase m SMH. As discussed in Exanq)le 3 mineral 
content of enamel shows a stroiig positive relationshq> wifli SMEL 

Example 6 

Semineralisation of enamel treated to induce caries-like defects 
Melfaods 

The enamel was p»q>ared as per Bxanople 3. 
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Preparation of Demin^ralisatioti SoMoa 

Hie dmrineraliKing solution was prepared following the method of White DJ: Use of synthetic 
polymer gels for artificial carious lesion preparation. Caries Res 21(3):228-242, 1987. 

A polyacrylic acid/lactate solution, containing 0.2% polyacrylic add (CaAopol 0907) and 
O.lmol/L lactic acid was prepared as follows. Polyacaylic acid (Ig) was dissolved in 350 ml of 
distilled water at room temperature, 4.29 ml of lactic add solution (87.5%) was added after 
polyacrylic add had dispersed, tiie pH was acgusted to 4.80 (4M NaOH) and made up the volume 
(50Qml)xand transfened the solution to SOO-nd Schott bottie. Sodium azide (O.OSg^) was added 
to each solutipn as a preservative and flie botfle wrapped witii foil and stored at 4°C until 
required. 

A saturated hydzorsrapatite^ polyacrylic acid/lactate solution, containing 0.2% polyacrjdic acid 
(cafbqpol C907) and O.lmol/L lactic add was prepared as follows. Polyacrylic add (Ig) was 
dissolved in 350 ml of distilled Water at room ten9>erature, 4.29 ml of lojtic acid solution (87,5%) 
was added aft^ polyacrylic acid had dispersed, followed by 3.7 g of hydroxyapatite, the pH was 
adjusted to 4«80 (4M NaOH) and made rsp tiie volume (50QmQ and transferred the solution to 
500-ml Schott bottle. Sodium azide (0.05g^) was added to each solution as a pr^^ative and 
the b otde wr^ped with foil and stored at 4^C until required. 

Hie final demineralisation solutions w^ prepared inunediately prior to demineralisation by 
dihiting the saturated hydroxyapatite Caxbopol/Iactate solution with the Carixqpol/lactate sohrtion 
with no hydroi^patite. 

About 55 ml of saturated hydroxyapatite Carbopol/lactate solution was centrifuged at 2500 rpm 

for 20 imnules, the 50mL of supernatant was collected and mixed with 50mL of the 

». 

Carbopol/lactate solution with no hydroxyapatite. The pH was adjusted to 4.8. 

Preparation of Remineralisation Solution at three different calciiun levels 
Three lots of 25g of MAP 1 12 protein were dispersed in 300niL of distilled water. A 2M caldum 
chloride solution was added dropwise and then after 30 minutes the sodium phosphate 
(Na2HP04) was added according to following table: 
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Ca^(mM) 
Wei^t(g) 
(as C&Ch) 


30 45 75 
7.50 1125 18.75 


Weight (ml) 
(asMa2HP04) 


18 27 45 
1.278 1.916 3.194 



Hydroxyspatite (500 mg/L).was added to eadi solution, the pH was adjusted to 7«0 usmg 4M 
NaOH and made up to volume (50Qnd). Sodiiima2flde(0.05g/L) was added to each solution as a 
presenrative and tiiie bottle wn^jped with 

Protocol for Enamel DemineraUsation 

The specimens were demineralised in 25 ml of demineralisation solution (under constant shaking, 
in daric) at TS'C for 96 hours. 

Protocol for enamel remmetaUsation ' 

The enamel blocks were remineralised in MAP 1 12 protein solutions containing 30, 45, 60 or 75 
mmol Ca ions. The enamel blocks were immersed m 25 nd of remineralisation solution (under 
constant shaking) for various time periods at 2S^C in fte dark. 

Assessment of changes in tiie enamel 
Miciohardness 

The nodcrohardness was measured as per IBxmplc 3 on tiie untreated enamel, enamel after 
demineralisation and at periods during remineralisation. 

Example 7 

Streptococcus mutans adhesion assay 
Method 

Streptococcus mutaits NCTC 10449 was grown in ttypone/yeast extract medium contahung 
brain/heart mfusion and radiolabeHed wifli [^tiiymidine, Hydroxyapatite beads (20mg, Bioiad) 
were hydrated in KQ buffer (Cannon et at., 1995) and then incubated with pooled human saliva 
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(30% v/v KCl buffer). The beads were washed with KCL bufifer and fliea the saliva-coated 
hydroxyq)atite beads were incubated with radiolabefled S. mutans cells, Naa-adhereot S. mutans 
cells were removed from the beads by washing with KCL buffer and then the percentage of tbe 
cells added to each assay that adheied to the SHA beads were calculated 

MAP 111 Phosphoprotein (DH 5.0, 140|iniol cross-Unks/g protein) was added at the following 
concentrations: 0.001%, 0.01%, 0.1%, 1.0% and 10.0% (in KQ bufiBsr). The effect of ft.e 
phosphoprotein on adhesion, relative to assays containing no phosphoprotein was calculated. 

Bach assay was conducted in triplicate and each e3q)mnient was conducted fbcee times. 

It can be seen from Figure 14 tiiat die protem effectively mhibited adhesion of S. mutans at 
concentrations as low 0.01% and still achieved about 40% inhibition of adhesion at 0.001% 
protein. For the caries process to be initiated £ nmUms needs to adhere to the toolh sur&ce. 
Hence by xeducing tiie number of & mutans adhering tiie risk of caries formation can be reduced. 
These assay results iilustzate that die protdns not only possess a reparative fimction but also a 
preventative fimctioa 

Reference:/ Cannon, R.D., Nand, AJL and Jeokmsbn, H.F. (1995) Adherence of Candida 
albicans te human sativaiy conQ>onents adsorbed to hydro^Q^atite. Microbiology 141:213*219 

Examples 

Measurement of iron t^inding capadty of tiie phosphq^rotein preparations 

The iron binding capacity of the proteins was determined by re-suspending the protein in water, 
adding FeQa under constant pH; removing the insoluble material (salts and protein); then 
removing the soluble non bound salts and detOTnimng the amount of calcium bound to the 
soluble protem. The experimental details were as follows. 

A 1% solution of the protenis were dissolved with milli-Q water, and allowed to stand for 1 hour 
to ensure complete hydration. Ferrous chloride was added at the following levels: OmM, lOmM, 
30mM, and 40mM; and the solution mcubated at 25*C for 1 hour with good mixmg. Throughout 
tiie experim^t the pH was maintained at 7.0 using NaOH solution. The sanq>les were incubated 
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at 25'C for 6 to 10 hours with good mixing. After incubation, a sample was centrifoged at 10 
OOOxgfor 10 mmules and filtered a O^jjmn^on filter. 

The sample was injected into a 2nil sample loop and loaded onto a Pharmacia FPLC fitted with 
Sephadex Gr25 (Vt=25 ml) desalting cokmm. The nmnhig buffer was 10 mM HEPBS at pH 7 the 
flow rate was ImUmm and detection was achieved through UV absoipfion (280 ipn), 
conductivity and pH. The protein peak was coUected and iron concentiatian detemmed by 
atomic absorption spectroscopy (AAS). 

Iron binding aqtacity of Lot 6 qfier cross-UnJang wiOi Tg/or 18 houn. Exmvssed as meFe^/sr 
inmid protein, and mgF^*/g of soluble pnOdn. 



IFe**I mgFe"/g protein mgFe*Vg protein 

(total) (soluble) 

OmM 0.0 0.0 

10 mM 2.9 6.4 

30 mM 3.5 13.8 

40 mM 3.7 19.5 



Fe was found to bind to the Lot 6, 18 hr Tg phosphoprotein preparation at a maximum of 3.7 
mg Fe^*/g proteoi. Of the protein that remained 8ohible» the Fe?* bound at about 20 mg Fe^Vg 
soluble protein. 

Zinc, Iron n and Magnesium binding capadty of phosphoprotdns 

ISncions Lxmll ^gnesiumions 

22.2 21.7 4.6 

41.0 44.8 5.4 

43.0 44.0 5.4 



nunol ions 

added 

5 

10 

15 



Pho^hoprotdn fortilSed processed cheese 

The MowiDg two processed dheeses were prepared: 

%wdgjif/wei£^ 
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Formulation .1 2 

Processed cheese 95.60 95.42 

MAP (phosphoprotein) 1.34 1,34 

Natural milk calcium phosfphate 2*87 2.86 

Calcium cUoride 0.00 0.19 

Wal^ 0.19 0,19 



The cheeses were prepared in a Brabender W50 mixer at 45X and 50 RPM The processed 
cheese (Icm^ cubes) was fed into the mixer over about 60 seconds^ the water added and mixed for 
three mmutes. Hie pieblended natural milk calcium phosphate and MAP 112 were added and 
mixed for ten minutes. The mixer was stopped, flie cheese mixture was removed, fonned into a 
block, wn^ped in cling Sbn and stored at 5°C until requhed. 

Bjemineralisadon potential of modified processed cheese. 

The enamel was prepared as per Exanq)le 3, the demmeialisation was conducted as per Bxample 6 
and file reminoalisation was as jper Bxanq>le 6 excqpt that a cheese slurry preparation was used in 
place of the remmeralismg solution. The microhardness was measured as per Bxanple 3. 

Cheese slunyprfparation 

The modified processed cheeses ccmtamed about 20% piotdn almost all of v/tuch was casern. 
Fifty-five grams of modified processed cheese was weighed and blended (wifli Waring Blender, 
IA01 speed) with 144ml of distilled water for 5 mmutes at room tenQ}eratuie. The cheese slurry 
was centrifiiged for 20 mmutes at 4,350 g and the aqueous solution (middle lay^) and fiie &tty 
siq>ematant were carefully transfecred to a sqparatmg flask. The mixture wbs left to separate and 
the aqueous phase removed. Sodium azide (0.05g^) was added to each sofadon as a preservative 
and the bottle wrapped with foil and stored at 4^C until required. 

fiiesults 
Microhardness 

The demineralisation achieved a good reduction in sur&ce hardness and as mentioned earlier this 
is strongly correlated with enamel mmeral concentiations. On remineralisatlon a slow increase in 
SMHcanbeseen. IhismcreasemSMH suggests Ac eoaniel is being reminer^ 
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Exaiiq>le 10 

Rendneralisiiig emalsion formalatioii 







PliosnhonTnteiTi MAPI 19 


in nn 




/.•>U 


Qorhrtnl 




GMS 400V 


1.00 


Propylparaben 


0.075 


Me&yl parabesi 


0.025 


Medium chaia tciglycerides 


7.50 


Glyc»ol 


1.00 


Delios S 


30.00 


XaBflian gum solution (0.1%) 


38.30 


Peppenidnt Oil 


0.074 



Method 

The dry ingredients (MAP, Alamin, Sorbitol, Meth)d and Propjl Paraben) were bloided and 
dispecsed Ihe maltitol syiup and Xanthan gum solutioa The GMS and Glycerol were heated to 
about 80**C (until molten), the medium chain triglycerides were added and heating maintained 
until file mixture was lump-free. The aqueous phase was heated to about 70**C, the oil phase was 
added to aqueous phase wifli continuous stirring. Hie Peppermint Oil was added, the mixture 
heated to 90^C (held tot 5 minutes) and ften homogenised (Ultraturrex). The mixture was hot 
filled mto a clean sterile botfle, rinsed with 96% eflianol and stored at 5°C until required by 
patiienls. 

Hie patients foimd that the emulsion provided a good coating on tide inside of tilieir mouth and 
provided good wetting. 

Example 11 

Candida albicans adhesion assay 
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A. Method 

Candida albicans ATCC 1026 1 was grown in GSB medium (ghicose, salts, biotin, Caoncm et al, 
1995) and radiolabelled with [^^SJmfiflrianina Hydroxy^atite beads (20mg, BioraiQ were 
hydrated in KCl buffer (Cannon et al., 1995) and thm incubated willi pooled human saliva (30% 
v/v KQ buffer). The beads were washed wilh KCL buffer and then the saliva-coated 
hydioxy^atite beads were inoobaied with radiolabelled C albicans cells. Non-adherent C 
albicans cells wece removed ftpm the beads by washmg with KQ buffer and then the percentage 
of die cells added to each assay ttiat adhered to die SHA beads was calculated 

MAP 111 protdn (DH 5.0» 140^mol (ross-links/g protem) was added at the following 
concratrations: 0.1%» 1.0% and 10.0% (in KQ bufiSsr). The effect of the MAP piotem on 
adhesion, relative to assaj/s containing no MAP protein was calculated 

Bach assay was conducted in trq^licate and each experiment was conducted dn^ times. 

B. Results 

It can be seen from Figure 13 that the protein inhibited adhesion of Candida albicans at 
concentrations as low 0.1%. The mhibition appears to dose-dependent 

Reference: 

Cannon, RJD., Nand, A.K. and Jenldnson, H.R (1995) Adherence of Candida albicans to human 
salivary components adsorbed to hydroxapatite. Microbiology 141:213-219 

Example 12 

DeterminatloB of degree of cross linking using High Performance liquid Qiromafography 

The following method was used to determine the degree of cross Unkmg of the phosphoprotem 
preparations, in temu of the number of glutantijd/lysl bonds. 

Chemicals and Reagents 
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8- (y -GlutamyOlyBine (G-L) andtrifluoioacetic add (TEA, protein sequCTicmg grade), Prolidase 
(porcine kidney), Leucine aminopeptidase and cytosol from hog kidney, Carboxypeptidase A 
(bovine pancreas) and Pronase (Streptonryces griseus) and TRIS 
ITtts(hydroxynie1ii5^)ammome11iane] were purchased fiom Sigma OienL Co. (Sydney, 
Australia). Acetonitrile (HPLC grade) was purchased fiom Biolab (CSmstchurch, New Zealand). 

Proteolytic digestion of tiie cross-linked proteins 

A 48 — ^50 mg aliquot of protein smsple was weighed m a glass test tube (total volume 15mL). A 
crystal of fliymol and 2 ml of 0:2 M Tris (pH 8.0, HQ) was added, flie solution tortexed and tiim 
incubated at 40°C for 1 h to allow flie diq)ersion of the protein- An aliquot of Pronase (0.4 UAng 
protein) was added to the mixture which was then mcubated at 37^C for 24 h. The pronase 
digestion was continued for a further 24 h by tiie addition of anolfaer equal sized aliquot of 
pronase. After inactivation of pronase by heating at lOO^C (waterbafh) for 10 min, the digestion 
was continued adding leucine aminopeptidase (0.4 U/mg protem), tiie solution being treated as 
for the pronase incubation. The digestion was continued using prolidase (0.45 U/mg piotem) and 
then carboxypeptidase A (0.2 U/mg protein). After final inactivation Ihe mixture was diluted to 
7.S g with ultiapure water (MilliQ water purification syst6m)(Nfill^or^ North Ryde, Auslialia). 

HPLC analysis of G-L 

The HPLC system consisted of a Dionex GP40 gradient pump solvent delivety system connected 
to an ICI Instruments 1210 UVA^is detector. Data was captured via an ITNS Acquisition Board 
and anal3^ed using the AZUR chromatogrq)hy software Version 1.1. The sanqples (100 pi) wet© 
separated on an hi^tsit ODS-2 column (5 (ms, 150 x 7.6 mm) (Phenomenex, AticUand, New 
ZealaniQ connected to a goaid column (Cis ODS, 4 nam x 3.0 mm ID)(Phenomenex) and a 2 pm 
prefater. Analysis was performed at 2.5^C. The mobile phases were 0.1% TEA (vAr)(solvent A) 
and acetonitrile contaming 0.1% TFA (v/v) (solvent B). Ihe sohr^ program was as follows: 
1 00 % solvent A for 20 min, 0% to 1 00% solvoit B fiom 20 to 25 mm, 1 00 % solvent B fiom 25 
to 50 min. The detector wavelengfti was set at 2 1 0 nm and the flow rate was 1 .0 ml/min. 

AH saiz]|>Ie8 fiom proteolytic digestion were filtered on a 0.45 fim NGlleK-HA MtUipore tilt^ 
tint 200jil of sanq}le was mixed witii 100 jd of distilled water and lOOjd TFA (2%w/w). The 
G-L peak was identified by comparison to dution thne of a standard and confirmed by standard 
addition of a G-L standard solution to tiie sanq>le. 
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£:niii]ple 13 

Method of determining degree of hydrolysis of parttaDy hydrofysed casefai 

Sa]iQ>les were prepared as eitho: 0,1% or 1% protein (w/v) solutions in distDlled water. A lOOjil 
aliquot of sanople was added to 800^1 of 0^125 M sodium phosphate buff^, pH 8.20. To Ihis 
800 |ud 0.1% TNBS reagent was added, and the reagents were mixed well» wraiq>ed in foil and 
incubated at SO*C hi a covered water-bath After exactly 60 minutes the reaction was tetminated 
by the addition of 1 600 |d of 1 OOmM HQ and the Bamphs left to co ol to room temperature for 30 
mmntes before readmg absorbance against a buffei/TNBS blank at 340 r\xxL 

INDUSTRIAL APPLICATION 

It is believed that the methods and conq)ositians of the present imr^ition will fmH application in 
delivCTijigtioactive m^ ions, such as calcium and iron, to mammals. The invention is also 
expected to find particular ^plication in compositions for remineralising teetii and/or for 
preventing or treatmg dental caries, toofli erosion, dentinal sensitivity or gingivitis. 

The present invention is believed to possess certain advantages over teeb 
reminerali&ing^anticaries cGn^ositions con:{)ris]ng phosphopeptides obtained from partial 
hydrolysis of casern, such as those desmbed in US 5015628. la particular, the phosphoprotein 
preparations used in the present iitxventicm have a clean flavour, in contrast to partial casein 
hydrolysat^, whidi contain bitter-tasting hydrophobic peptides that need to be removed in order 
for the product to have an acceptable flavour. Ih addition, tiie phosphoproteia preparations of 
the present invention utilize the vast majority of the proteinaceous material firom the casein 
(rather flian just the proportion containing the casern phosphopeptides), tiiereby reducing 
wastage. 

The phosphoprotein preparations used in the present invention also have advantages over 
remineralising/anticaries compositions containing unmodified casein or caseinate; in particular, 
the calcium-binding and teeth remineralising piop^es of the phosphoprotein preparations are, at 
least in preferred embodmimts, believed to be siguificandy greats than those of casein. In 
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addition, the phosphoprotein preparations are relatively soluble and have a lower viscosity than 
nmnodified casein, thereby fiacilitating their incorporation into conq>ositions. 

Althougji the present invention has been described with reference to particular embodim^ts, 
those persons skilled in the art will appreciate that numerous variations and modbScations may be 
made without departing from the scope of the mvention as defined in the Mowing claims. 
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CLAIMS 

L A coinpositioii for delivedug a bioactive metal ion to a mammal, (he composition 
comprising an effective amoimt of a source of the bioactive metal ion^ a phosphoprotein 
preparation obtained by partially cross Imldng a partial hydrolysate of casein or a 
caseinate, and one or more physiologically accq)table diluents or carriers. 

2. A coniposition according to claim 1» wherein the metal ion is divalent 

3. A composition according to claim 1 or 2, wherein the metal ion is selected fix>m Ihe groxp 
consisting of calcium, iron, zinc, cobalt^ copp^ and magnesium 

4. A composition according to any one of claims 1 to 3> wherein the composition is an oral 
conq)Osition and conf>rises a foodstuff beverage, or a pharmaceutical vehicle. 

5. A con^osition according to any one of tiie preceding claims, wh^ein tiie pH of tiie 
conqjosition is between about 6 and about 9, 

6. A con^>os]tioii according to any one of the preceding claims, wherein die coiqposition 
comprises a processed cheese pmduci, and Ihe source of a bioactive metal ion com|dises 
natural milk calcium phosphate. 

7. A composition according to any one of the preceding claims, wherein the partial 
hydrolysate has been obtained by ^izymatic hydrolysis of acid casein, rennet casein or a 
caseinate. 

8. A composition according to claim 7, wherein the enzyme is trypsin. 

9. A compOidtion accordmg to claim 7 or 8, \\^erezn the degree of hydrolysis is in the range 
of about 3% to about 8% of tiie total number of pq[>tide bonds. 
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10. A composition accoiding to claim 9, wherein the degree of hydrolysis is in the rangp of 
about 3.5% to about 7%. 

11. A con^osition according to claim 9, wherein the degree of hydrolysis is in the ran^ of 
about 4% to about 6.5%. 

12. A conq)ositLon according to any one of the preceding claims, wherein the degcee of 
hydrolysis is such Ihiat about 10% or less of the casein or caseinate is rendered insoluble at 
pH 7, by fte partial hydrolysis. . 

13. A ccmiposition according to dahn 12, wbsaceSai the degree of hydrolysis is such fliat about 
5 % or less of the casein or caseniale is rendered insoluble at pH 7, by the partial 
hydrolysis. 

14. A CQnqK>sition according to any one of the preceding claims, wherein tfie partial 
hydrolysate has been pattiaUy cross linked enzymatically) using ftie ^izyme 
transglutamihase. 

15. A conq)osition according to any one of the preceding claims, whereia the degree of partial 
cross linking is such that fiie resultiiig phosphoprotein prq)arat i on comprises about 10 or 
more imiol cross links per gram of protein. 

16. A conqiosition according to any one of the preceding claims, wherein fiie degree of partial 
cross Imkhig is such that the resulting phosphoprotein preparation comprises between 
about 10 and about 250 M^nol c^oss linkB per gram of protein! 

17. A con^osition according to any one of the preceding claims, v(4ierein tfie degree of partial 
cross linking is such that the resulting phosphoprotein preparation comprises between 
about 50 and about 160 ^mol cross links per gram of protdbou 

18. A method of ddiv^ing a bioactive metal ion to a mammal, conoprising admiinstering to 
the mammal a conq)osition according to any one of the precedtng claims. 
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19* A con5)osi1ion for remineralifliag tooth enamel and/or for tteatmg or p^enijiig deatal 
caries, tooth erosion, dentinal hypersensitivity or gingivilis in a mammal, wherein the 
con?)osition conqmses an effective amount of a phosphoprotem preparation in 
combination with one or more carriers or diluents, wheiem the phosphoprotein 
preparation has been obtained by partiaDy cross Knking a partial hydrolysate of casern or 
a casemate. 

20. A composition according to clahn 19, wherem the partial hydrolysate has been obtained 
by enz^^matic hydrolysis or add casdn, rennet casern or a caseinate. 

21* A con^sition according to clahn 20, ^^lereinfte enzyme is trypm 

22. A composition accordmg to any one of claims 19 to 21, wherein the degree of hydrolysis 
is in the range of about 3% to about 8% of the total nmoiber of peptide bonds, 

23. A <5on9)osition accordmg to claim 22, Therein the degree of hydrolysis is in the range of 
about 3,5% to about 7%. 

24. A composition accordmg to clahn 22, wherem the degree of hydrolysis is m the imige of 
about 4% to aibout 6.5%. 

25. A con5)osition accordmg to any one of claims 19 to 24, wherem flie degree of hydrolysis 
is such that about 10% or less of flie casern or casemate is rendered insohjble at pH 7, by 
the partial hydrolysis. 

26. A con^oshion accordmg to clahn 25, wherem the degree of hydrolysis is such that about 
5% or less of flie casein or casemate is rendered insoluble at pH 7, by flxe partial 
hydrolysis. 

27. A composition accordmg to any one of claims 19 to 26, wherem flie partial hydr9l)«ate 
has been partially cross Unked ensgrmatically, usmg the enzyme Irans^utammase. 
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28. A composition accoidmg to any one of claims 19 to 27, wherein the degree of partial 
cross liiikfaig is such tijat the resulting phosphoprotein preparation comprises about 10 or 
more pmol (ax>s8 links per gram of protdn. 

29. A composition according to claim 28, wherein tiie degree of partial cross linking is such 
that the resulting phosphoprotein preparation conpises between about 10 and about 250 
funol cross links p&c gram of protetrt 

30. A con?>osition according to claim 28, wherein tiie degree of partial cross linking is such 
that the resulting phosphoprotein preparation conqmses between about 50 and about 160 
pmol cross links per gram of protein. 

31. A conq)osition according to any one of claims 19 to 30, further conqmairjg a source of 
calciumions. 

32. A con^osition according to claim 3 1, wherein the con^josition fiirfliCT conqdses a source 
of phosphate ions. 

33. A composition according to claim 30, wheran tiie.coxiq)ositioa fimfaer conqirises caldnm 
phosphate. 

34. A compositiwi accordmg to claim 30, wharein the conipositioii furflier comprises natural 
milkcaldum. 

35. A compositian accordmg to any one of clahns 31 to 34, wherein caldum ions are present 
in die conqposition at a level of at least about 5 mmol calcium ions per gram of 
phosphoprotein preparation. 

36. A CQnq)osition according to claim 35, wherein calcium ions are present in the 
con^Kwition at a level of at least about 10 mmol calcium ions par gram of 
I^Losphoprotdn. 
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37. A coii5)osition accoiding to my one of claims 32 to 36, M^arein fhe molar ratio of 
calciimi ions to phosphate ions is in ttie ran^ of about 0.8-1 .2:0.4-0.8. 

38. A conq)osiiion according to claim 37, ^ecdn the molar ratio of calcium ions to 
phosphate ions is about 1:0.6. 

39. A conqjosition according to any one of claims 19 to 30, \riterein the composition ftnrttier 
coniprises a source of strontium ions. 

'40. A composition accoiding to claim 39, Tiiierdn fhe con^si^ 
of fluoride ions. 

41. A con;)ositLon according to any one of claims 19 to 40, ^^t^ierein the conq)osition 
comprises a mouthwash, a dentifiice, toothpaste, a powder, an emulsion or a gel. 

'9 42. A c6iaq)osition according to any one of claims 19 to 33, wherein flie con^osition 

conq>rises an emnlsion, wher^ the phosphoprotem prq)aratiQn is present iu an amount 
of about 1 % to about 15% by weight of the emulsion, and the emulsion further comprises 

^ nature milk calcium phosphate^ in an amount of about 3% to about 1 2% by weight of the 

emulsion. 

43. A conq)osition accoiding to any one of claims 19 to 40, wherdn the conposition 
coniprises a foodstuff or a confection. 

44. A method for lemineralidng tooth enamel and/or for treating or prevaiting dental caries, 
tooth erosion, dentinal hypersensitivity or gingiyitis in a mammal, the method comprising 
contacting flie teeth of the manimal witii a composition according to any one of claims 19 
to 43. 

45. A phosphoprotem preparation, which has been obtained by partially cross linking a partial 
hydrolysate of casern or a caseinate, and wheiem tiie degree of partial hydrolysis of the 
casein or casemate prior to ax>s8 Irnldng is in the range of about 3% to about 8% of the 
total number of peptide bonds, and the degree of partial cross linking is such that the 
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phosphoprotein preparation comprises about 10 or more jimol cross links per gram of 
protein. 

46. A phosphoprotein preparation according to claim 45, wherein the degree of partial 
hydrolysis of the casern or caseinate prior to cross linking is in the range of about 3^% to 
about 7%. 

47. A phosphoprotein preparation according to claim 45, wherein the degree of partial 
hydrolysis of the casein or caseinate prior to ctosa linTrfug is in the range of about 4% to 
about 6.5%. 

48. A phosphoprotein preparation according to any one of claims 45 to 47, ^errai the degree 
of partial cross linking is such that the idiosphopretein preparation con^iises between 
about 10 and about 250 ^mol cross links p^ gram of proteiit 

49. A phos0ioprotem preparation according to any one of claims 45 to 47, \;Aerem the degree 
of partial cross linking is such that the phosphoprotem pxepata&m coiqprises between 
about 50 and about 160 |jmol cross links per gram of protein. 

50. A phosphoprotdn preparation acc(Hdhig to any one of claims 45 to 49, \riberem the d^ree 
of hydrolysis is such &at about 10% or less of &e casein or casemate is rendered 
insoluble at pH 7, by &e partial hydrelysis. 

51. A phosphoprotein preparation accordmg to any one of claims 45 to 49, whraein tiie 
degree of hydrolysis is such tibiat about 5% or less of (he casern or casemate is r^dered 
insoluble at pH 7, by tibe partial hydrolysis. 
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Figure? 
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Figure 13 
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